Abstract. This paper presents a fusion scheme for Wavelets and Fractal image compression based on the self-similarity of the space-frequency plane of sub-band encoded images. Various kinds of Wavelet transform are examined for the characteristics of their self-similarity and evaluated for the adoption of Fractal modeling. The aim of this paper is to reduce the information of the two sets of blocks involved in the Fractal image compression by using the self-similarity of images. And also, the new video encoder using the fusion method of Wavelets and Fractal adopts the similar manner as the motion compensation technique of MPEG encoder. Experimental results show almost the same PSNR and bits rate as conventional Fractal image encoder depending on the sampled images by computer simulations.
Introduction
Ordinary video compression methods based on DCT (Discrete Cosign Transform) have been standardized for N-ISDN networks and mobile communications. However, this DCT transform usually produces so called the block noise and mosquito noise when encoding is performed. Therefore, JPEG 2000 accepts the Wavelet transform instead of DCT to reduce these noises. After applying the Wavelet transform for the images, we can observe the self-similarity into transform-ed images and can introduce the Fractal image coding for these images. This paper presents the fusion method of Wavelet transform and Fractal coding and derives experimental results for still images. Also, I propose the new video compression algorithms to encode the inter-frame image through mapping the range block of N-frame into the same range block of (N+1) frame.
Self-Similarity of Wavelet Transformed Images
Generally, images carried out by 3 stages down sampling using multi-resolution analysis are derived into lower frequency domain and higher frequency region using Wavelet transform. Especially, higher frequency components of images have the self-similarity between each frequency components, horizontally, vertically and diagonally. This self-similarity can be derived from the correlation coefficients between lower frequency components and theirs similar high frequency components. [1] Let's try the multi-resolution analysis of images (N x N pixels) by applying Wavelet transform. At first, row pixels of images are quantized into space-frequency domain by the multi-resolution analysis. Then, we can assume the lower frequency components of pixels at the resolution level j and position n as written in { 
However, m is an odd number and in general, the decomposition level is carried out into 3 or 5 octave down sampling. And also, for the column pixels, the same multi-resolution analysis is performed and the space-frequency domains are quntized. Therefore, after the multi-resolution analysis, the correlation parameter ϒ r between sub-bands of row pixels is given in the following equation.
And also, the correlation parameter ϒ c between sub-bands of column pixels is obtained by the same manner.
Self-Similarity of Images after Wavelet Transform Using Haar Basis Filter
Images are quantized into down sampling by two-dimensional Wavelet transform using Haar basis filter with orthogonal functions. Each sub-band is assumed as the independent images and performed into horizontal, vertical and diagonal groups as shown in Fig.1 . The correlation coefficients between these groups of image components are very high as usual. This means that Wavelet transform by Haar basis orthogonal function carries out the mean value among adjacent pixels can decompose into the space-frequency plane with the lower resolution and repeat into n times reflectively. Exactly, this process repeats the finite different operation after averaging the adjacent pixels. The operation of deriving the correlation coefficients is shown in Fig.2 . Fig. 2 The abstraction method of histogram of correlation coefficients among sub-bands According to Fig.2 , the 4 components of the frequency band SB n and the 16 components of the corresponding frequency band SB n-1 are compared and carried out the correlation coefficients of them and put into the frequency distribution. As a result, the frequency distribution of the correlation coefficients of Lena image (512 X 512 pixels, 8 bps) as shown in Fig.3 . Therefore, Fractal coding is feasible by utilizing the high correlation coefficients of horizontal, vertical and diagonal components of images respectively. And also, the other Wavelet transform basis filter, such as 4 taps length of Daubechies filter (N = 2) having sharp frequency cut off characteristics and 12 taps length of Coiflet filter (N = 4) having linear phase characteristics for the measurement of the correlation coefficient among sub-bands of images have been examined. However, we observed the zero frequency distribution of the correlation coefficient after applying these filters because of longer taps and dispersing Wavelet parameters.
Self-Similarity among the Same Bands by Wavelet Packet Transform
Wavelet transform can decompose the lower frequency bands of images into spacefrequency domain reflexively. Therefore, when the quantization process of the spacefrequency characteristics of images by the multi-resolution analysis does not match to the space-frequency characteristics of images, Wavelet transform becomes the inefficient decomposition. On the other hand, Wavelet packet transform can be adaptable to decompose the subbands of images without restricting the lower frequency bands of images. Namely, the adaptive octave decomposition of images has higher correlation coefficients of the same sub-bands of images. For example, four partition of the same sub-bands of images has higher correlation coefficients. When these four divided fork packets maintain the relation to the parent packets in the position, these relation of the location can be encoded into the Fractal form. [1] And also, Wavelet packet transform can use linear orthogonal basis filters and decompose images by rapid process using single tree algorithms.
Reflexive Encoder Using Self-Similarity of Images
The image compression method using Fractal encoder has the characteristics of the plenty amount of computation because of searching the self-similarity among subsets of whole images. [2] Therefore, Fractal encoder has been proposed by utilizing the self-similarity among sub-bands of images in the horizontal, vertical and diagonal group after octave decomposition of Wavelet transform respectively. Furthermore, Fractal encoder can be achieved by utilizing the self-similarity of the same sub-bands of images using Wavelet packet transform.
Domain Decision of Pixels on the Wavelet Space-Frequency Plane
For applying Fractal encoder of images, the range blocks of each sub-band on the space-frequency plane after the multi-resolution analysis are divided into the three domains, such as the shade region, the mid-range and the edge regions. Let's calculate the frequency number F(R) of pixel (R) in the range blocks and classify the domain using the average expected value F(R) and the range width of edge searching width in the sub-band, w. 
Edge region: in the case of the area without the above conditions. The other division methods of domains can partition into the shade and edge region comparing the size with the threshold level of the variance for the value of pixels, which is calculated inside the range blocks.
1. In the case of Threshold σ 2 ≥, range blocks become to be the shade region. 2. In the case of σ 2 >Threshold, range blocks become to be the edge region.
Fractal Image Encoding
In general, Fractal image encoder is similar to the vector quantization and encoded by the repetition function, that is, images are divided into several blocks and approximated by conversion code books which are derived from images themselves. This conversion equation is described into conversion terms and linear terms. 
Here, R i,j : the set of range cell D i,j : The domain pool And also, at the next frequency band, the same affine transform can be established.
This block selection method can process the IFS encoder that higher sub-band images (SB n ) with MRR are encoded at first and the relation of position between the range block and the corresponding domain block at the next sub-band (SB n-1 ), range blocks and domain pools are determined. At this scheme, the domain pool within higher subbands within the highest decomposition level is assumed for the whole bands. In general, concerning about the searching area of selecting blocks, this block selection method can produce minimum number of domain pools and range blocks to be searched due to the existence of higher frequency components of the Wavelet space on the higher sub-bands. After encoding images, range blocks of each frequency band and transformed domain blocks have higher correlation coefficients. When the information between them are redundant, choosing the one side of information can reduce these overlapped information. The mechanism of reducing the quantity of information by the above cell selection method is shown in Fig.5 . At the receiver side, we can find the specific domain block that has to process the affine transform, the brightness scaling, the brightness shift and the symmetrical transform for each one range block of any initial images. According to this transform, we can derive the pixel value of the range block from the domain block. When the mean square error between the reproduced images by this process repeatedly. When the begging decoded image is less than threshold, this process has to converge. Then, the final reproduced image can be extracted.
Experimental Results
The simulation conditions are given as follows;
Range block size, RS=2: the same length as the tap length of Haar basis filter. Domain block size, DS=4: its step size is 2. Brightness scaling: select the one value among {0.5, 0.6, 0.7, 0.8, 0.9} and quantize it. The reproduced image after 14 times repetition is shown in Fig.6 and PSNR is about 31.9db. Then, the amount of computation about this process was examined. This algorithm can reduce the searching time due to the following reason. Each sub-bands of the same group on the Wavelet space have the self-similarity characteristics, while the high correlation coefficients and the restriction of the searching area within the specific size have range blocks and domain blocks from the adjacent frequency band after creating the domain pool without range blocks. Let's the range block size to be 2 2 × pixels, the domain block size to be 4 4 × pixels, the domain pool size to be 64 64 × pixels, and the domain block size to be 2 pixels.
1) Original image 2) Regenerated image
Then, the domain pool is divided without overlapping each other. . Therefore, the ordinary searching times of domain blocks using the usual methods is reached to 58,982,400 times. On the other hand, for each of horizontal, vertical and diagonal direction on the Wavelet space respectively, the domain blocks with high decomposition level need to search at first. At the decomposition level 3, the size of domain pools of this sub-band is consistent with that of the usual method. Therefore, the number of the searching times about domain blocks becomes 2 
Video Compression Method Using Wavelet and Fractal Encoder
Recently, concerning about the Fractal video compression methods, there are several methods being investigated. The video sequence encoder by 3D domain blocks and range cell has been proposed. The inter-frame mapping encoder without the repeating convergence that the previous frame assumes to be the domain pool has been investigated. The previous frame estimation encoder with the circulation is the range cell with the approximation of the domain blocks for the previous frame to be mapped. [3] In general, video images have the feature that the video objects of each frame within the same scene are assumed to be the continuous images corresponding to the motion vector of images. Therefore, after the scene cut detection of video, [4] , several frames of these cuts can produce one average frame by Wavelet transform and Fractal encoding. Then, the inter-frame Fractal encoding can be carried out in the same manner as the motion compensation by utilizing the high correlation coefficients among several frames. According to the above equation, the initial frame by Wavelet transform is assumed to be the previous frame and then the succeeding frame to be the domain pool needs to be encoded by Fractal scheme.
At the decoding side, after mapping the arbitrary circular four frames can be reproduced. Then, the repetitive regenerated image can be decoded using range blocks and domain blocks through this average regenerated image. This process needs to continue until the regenerated image is converged. Then, the contrast and the luminance of each block are compensated by the parameters, S i and O i . Furthermore, every parameters of the above equation have to be quantized and assigned to independent bits. And also, the entropy coding, such as Huffman coding can increase the compression ratio of these kinds of encoders. Consequently, Wavelet transform and Fractal encoder can realize for the video compression with the lower bit rate. 
Conclusion
In conclude, this paper presents the video compression scheme with Wavelet transform and Fractal encoder and also examined the images having the high correlation coefficients among adjacent sub-bands after Wavelet transform using Haar basis filter. As this orthogonal filter has the short length of taps, the reproduced image caused some ridges in the edge region of it and was observed some edges at the shade area due to the accumulation of small quantizing errors after the IFS encoding. In future, Johnson filter having the linear phase characteristics should be examined and the better performance by this method could be derived.
Furthermore, using the Wavelet packet transform, the size of range blocks and domain blocks can be variable because the small signal parameters at the higher frequency bands can reduce the distortions that affect the regenerated images. And also, the above-mentioned video compression scheme with the notice of the features of video needs to be investigated experimentally. Especially, the bit rate and coding efficiency using this new algorithm should be concerned about.
